Abstract The fatty acid, essential oil compositions and their respective antioxidant and antibacterial activities was determined in Schinus terebinthifolius Raddi leaves and twigs. The lipid content ranged from 1.75 to 4.65% in twigs and leaves, respectively. Thirteen fatty acids were identified with a-linolenic (C18:3), palmitic (C16:0) and linoleic (C18:2) acids being the main components. The essential oils of both organs were characterized by a high amount of monoterpene hydrocarbons (68.91-74.88%) with a-phellandrene (33.06-36.18%), a-pinene (14.85-15.18%) and limonene (6.62-8.79%) being the chief components. The DPPḢ radical scavenging assay revealed that both oils have a very weak antiradical activity. In contrast, they showed an appreciable antibacterial activity against the gram-positive Enterococcus feacium (ATCC 19434) and Streptococcus agalactiae (ATCC 13813) bacteria. These results suggest that leaves and twigs of S. terebinthifolius could be considered as an important dietary source of health promoting phytochemicals and has a good potential for use in food industry and pharmacy.
Introduction
Schinus terebinthifolius Raddi (Anacardiaceae) is an evergreen tree native to South America, with particular abundance in Brazil, Argentina and Paraguay (Silva et al. 2010a, b) . Due to its invasive character, high tolerance to harsh conditions, high growth rate and prolific seed production, S. terebinthifolius has been introduced and naturalized outside its native range (Taylor 2005) . It is a coveted multipurpose tree which has been used throughout the tropics and Europe. Its wood is used for fuel wood, charcoal and timber production. In Europe, the leaves and fruits are used as a substitute for black pepper, and to prepare alcoholic drinks and beverages, while flowers have apicultural value (Demelash et al. 2003) . In South American folk medicine, it is used as antiseptic, antimicrobial, anti-ulcer, anti-inflammatory, analgesic, diuretic, wound healer, and insect repellent, among others (Gehrke et al. 2013) . In Brazil, the resin obtained from the bark and stems is used in the form of lotion, gel or soap for cleaning the skin and the treatment of mycoses (do Nascimento et al. 2012) .
Most of these interests are tightly related to the content of essential oils, giving to the species its aromatic and medicinal properties. For this reason, several investigations have been performed to characterize the chemical constituents of S. terebinthifolius essential oils. In this context, earlier compositional studies on its essential oils revealed that they contain various amount of monoterpene hydrocarbons such as a-phellandrene, limonene, b-phellandrene, myrcene, and a-pinene as major components (Bendaoud Electronic supplementary material The online version of this article (https://doi.org/10.1007/s13197-018-3049-6) contains supplementary material, which is available to authorized users.
& Karim Hosni karim_hosni1972@yahoo.fr; karim.hosni@inrap.rnrt.tn do Nascimento et al. 2012) . In other reports, the main components were found to be sequiterpenes hydrocarbons with germacrene-D, a-cadinol, and elemol as the main components (Barbosa et al. 2007; Périno-Issartier et al. 2010) . However, most of the studies were focused on fruit essential oils, whereas, the leaf and/or twig oils have not received much attention. The few data available on leaf essential oil showed different compositional patterns and the possibility of different chemotypes is a given fact. For example, limonene, germacrene-D, a-copaene, and apinene were reported as the main components of the Brazilian specimens (Atti dos Santos et al. 2009 ). In an earlier study from the same country, germacrene-D and bcaryophyllene were described as the main components of the leaf oil (Barbosa et al. 2007 ). Beta-caryophyllene, cisb-terpineol, b-cedrene and citronellal were found as the major components of the Egyptian S. terebinthifolius leaf samples (El-Massry et al. 2009 ). However, although its aromatic character, compositional data regarding twig essential oil composition are missing. In addition, knowledge about the fatty acid profiles is limited although their use for human consumption and health. Consequently, in the present study, we sought to comprehensively characterize essential oil and fatty acid profiles of leaves and twigs of S. terebinthifolius. The radical scavenging and antibacterial properties of the essential oils were also performed. This study will not only extend our knowledge on the phytochemistry of this valuable species, but it will provides supporting evidences for its potential as alternative source of nutritional and functional ingredients.
Materials and methods

Plant material
The leaves and twigs of S. terebinthifolius were randomly collected from healthy trees in the region of Al Ghazala, Ariana, Northern Tunisia. They were air dried at room temperature (20 ± 2°C) for one weak, ground using a Retsch blinder mill (Normandie-Labo, Normandy, France), sifted through 0.5 mm mesh screen to obtain uniform particle size and subsequently assayed for essential oil composition.
Extraction and analysis of fatty acids
Leaves and twigs (1 g) of S. terebinthifolius in triplicate were extracted manually with chloroform (10 mL): methanol (5 mL) (2:1, v/v) (LabScan, Dublin, Ireland) following the modified procedure of Bligh and Dyer (1956) . Fatty acid methyl esters (FAMEs) were prepared by using sodium methoxide (Sigma-Aldrich, Buchs, Switzerland) according to the method of Cecchi et al. (1985) . The FAMEs were analyzed by gas chromatography (GC) using a Shimadzu HRGC-2010 apparatus (Shimadzu Corporation, Kyoto, Japan) equipped with flame ionization detector (FID), Auto-injector AOC-20i and auto-sampler AOC-20s was used. Separation of different FAMEs was performed on a TRB-Wax capillary column (30 m length, 0.25 mm i.d., 0.25 lm film thickness). The oven temperature was programmed as follows: starting from 150°C (5 min), increasing to 200°C at a rate of 15°C/min, and finally held for 5 min. The injector and detector temperature was maintained at 250 and 275°C, respectively. The split ratio was 1:100 and the injection volume was 1 lL. Identification of FAMEs was made by comparing their retention times with those of reference standards purchased from Fluka (Steinheim, Germany). The FAMEs compositions (percent) refer to the percentage ratio of each component to total FA.
Extraction and analysis of essential oils
The air-dried samples (100 g) were submitted to hydrodistillation for 2 h using a Clevenger-type apparatus. The oil obtained was dried over anhydrous sodium sulphate (Na 2 SO 4 ) and stored in amber-air tight sealed vials at 0°C until analyzed and tested.
Analytical gas chromatography was carried out on a Hewlett-Packard 6890 gas chromatograph series II (Agilent Technologies, Palo Alto, California, USA) equipped with an apolar HP-1 (60 m 9 0.32 mm, 0.52 lm film thickness) capillary column. Diluted oil samples in hexane were injected with a split ratio of 1:120 and a continuous flow rate of 1.5 mL/min of chromatographic grade helium was used. The oven temperature was initially held for 8 min at 80°C, ramped at 2°C/min up to 220°C, then to 295°C at a rate of 10°C/min and held isothermal for 25 min. Injector and FID detector temperature were held at 250°C. Separation of volatile compounds was also performed by using a polar HP-Innowax column (60 m 9 0.32 mm, 0.5 lm film thickness). The oven temperature was kept at 60°C for 2 min, raised to 245°C at 2°C/min and held for 35 min. Injector and FID detector temperature was set at 250°C.
The gas chromatography-mass spectrometry (GC-MS) analyses were performed on a gas chromatograph HP 6890 interfaced with an HP 5973 mass spectrometer (Agilent Technologies, Palo Alto, California, USA) with electron impact ionization (70 eV). An HP-1MS capillary column (50 m 9 0.20 mm, 0.50 lm film thickness) was used. The oven temperature was programmed to 60°C for 2 min, raised to 320°C at a rate of 3°C/min and held isothermal for 10 min. The carrier gas was helium with a flow rate of 1.3 mL/min. Scan time and mass range were 1 s and 35-450 m/z, respectively.
The volatile compounds were identified by comparison of their retention indices relative to (C 7 -C 20 ) n-alkanes with those of literature and/or with those of authentic compounds available in our laboratory, and by matching their mass spectral fragmentation patterns with corresponding data (Wiley 275.L library) and other published mass spectra (Adams 2001) as well as by comparison of their retention indices with data from the Mass Spectral Library ''Terpenoids and Related Constituents of Essential oils'' (Dr. Detlev Hochmuth, Scientific consulting, Hamburg, Germany) using the MassFinder 3 software (www. massfinder.com). Relative percentage amounts of the identified compounds were obtained from the electronic integration of the FID peak areas.
The 2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity
The radical scavenging activity of the leaf and twig essential oils against DPPḢ free radical was measured using the method of Brand-Williams et al. (1995) with slight modifications. An aliquot (1 mL) of methanol solution containing different amount of each essential oil (10-900 lg/mL) was added to 2 mL of freshly prepared methanol DPPḢ solution (0.1 mM). The mixture was shaken gently and left to stand at room temperature in the dark for 15 min. Thereafter, the absorbance was measured at 515 nm. Results were expressed as radical scavenging activity percentage (%) of the DPPḢ according to the formula:
where A 0 is the absorbance of the control and As is the absorbance of the sample.
Antibacterial activity of the essential oils
Bacterial strains and growth conditions
Four bacterial strains including the Gram-positive Enterococcus feacium (ATCC 19434) and Streptococcus agalactiae (ATCC 13813), and the Gram-negative Escherichia coli (ATCC 8739) and Salomonella typhymurium (ATCC 14028) were used to assess the antibacterial properties of the extracts. Apart from S. agalactiae which was isolated in the Institut National des Sciences Appliquées (Tunis, Tunisia), the remaining strains were obtained from the Institut Pasteur (Paris, France). Bacterial strains were cultured overnight at 37°C in Mueller-Hinton (MH) agar.
Disk diffusion method
For the determination of the antibacterial activity, the disk diffusion method was used according to the National Committee for Clinical Laboratory Standards (NCCLS 1997) . Briefly, a 100 lL of the bacterial suspension (10 8 CFU/mL) was spread on the MH solid media plate. Sterile filter paper disk (6 mm in diameter) were soaked with 15 lL of the essential oils (dissolved in dimethyl sulfoxide) and placed on the inoculated plates. After being kept at 4°C for 2 h, they were incubated at 37°C for 24 h. The definite zone of inhibition surrounding the paper disk was measured accurately.
Statistical analysis
All data are expressed as the means plus standard deviations (SD) of at least three independent experiments. The significance of differences was calculated at the confidence level of 95%.
Results and discussion
Lipid content and fatty acid profiles
The average lipid contents in S. terebinthifolius were 4.65 and 1.75% for leaves and twigs, respectively.
The detailed fatty acid composition is presented in Table 1 , and the representative chromatograms are depicted in Fig. S1 . Thirteen fatty acids including saturated fatty acids (SFA) and unsaturated ones (UFA), were identified in both organs. The most important SFA in leaves were palmitic (C16:0), arachidic (C20:0) and lignoceric (C24:0) acids. The SFA in twigs was dominated by palmitic (C16:0), lignoceric (C24:0) and behenic (C22:0) acids. Linolenic (C18:3) and linoleic (C18:2) acids were found as the main UFA in both organs. The abundance of these UFA was expected due to their structural (major constituents of the membrane glycerolipids) and functional roles in leaves and photosynthetic tissues (Somerville et al. 2000) . In general, the presence of both essential fatty acids (C18:3 and C18:2) encourage the use of leaves and twigs as a potential supplement for essential fatty acids on one hand, and could at least in part, justify the nutritional and medicinal properties of S. terebinthifloius on the other hand. The only reports on the fatty acid profile of S. terebinthifolius leaves collected in Egypt outlined the abundance of margaric acid (C17:0) and the absence of linolenic acid (C18:3) and the presence of pentadecanoic (C15:0) and tridecanoic acids (C13:0) with appreciable amounts (Salem et al. 2014) . These results appear to be questionable due to the abundance of fatty acids with odd carbon number suggesting a probable analytical errors as well as bad experimental assessments (sample storage and possible microbial contamination).
Yield and chemical composition of the essential oils
Hydrodistillation of the leaves and twigs of S. terebinthifolius yielded pale yellowish oils with pungent and pepperlike odor in 0.69 and 0.37% (w/w) for leaves and stems, respectively. The value for leaf oil was nearly similar to that observed for the Zimbabwean (0.65%) (Gundidza et al. 2009) The essential oils composition along with the retention index and quantitative data are depicted in Table 2 . A total of 117 components covering more than 99% of the total GC profiles were identified. Typical chromatograms of the essential oil components are presented in Fig. S2 .
Irrespective to the organ analyzed, monoterpene hydrocarbons are especially dominating (98.91 and 74.88% in leaves and twigs, respectively) with major components being a-phellandrene (33.06-36.18%), a-pinene (14.85-15.18%), limonene (6.62-8.79%), b-phellandrene (4.85-6.66%) and p-cymene (3.79-6.33%). The second dominating chemical class was found to be sesquiterpene hydrocarbons (12.29-22.29%) with germacrene-D (4.74-5.25%), bicyclogermacrene (0.65-5.74%) and bcubebene (1.01-2.42%) being the most plentiful compounds. Oxygenated compounds (both mono-and sesquiterpenes) are weakly represented in the leaf (2.41-5.44% for oxygenated monoterpenes and oxygenated sesquiterpenes, respectively) and stem (3.55-8.22%) essential oils.
When compared with earlier compositional data, most of the major components have been previously reported in leaf oil of S. terebinthifolius. However, deep qualitative and quantitative differences owing to the origin can be outlined (Table S1 ). It is worthy to note that the chemical composition of twig essential oil of S. terebinthifolius is reported herein for the first time. In addition, the present results have extended our knowledge on leaf essential oil of this species by identifying 44 components that have not been described previously (Table 2 ).
DPPH radical scavenging activity of the essential oils
DPPḢ is a stable free radical that shows maximum absorbance at 517 nm. When DPPḢ encounters a protondonating substance such as antioxidant, the radical would be scavenged and the absorbance reduced. Figure 1 shows that both essential oils exhibited a very weak antiradical activity. Comparison between both oils at the same concentration (900 lg/mL) revealed that the radical scavenging activity of the leaf oil (11.57%) was two-fold higher than those obtained from twigs (6.17%). In general, the weak scavenging activity of both essential oils is expected due to their lower content in oxygenated compounds and their richness on hydrocarbons, recognized for their low antioxidant activity (Sacchetti et al. 2005) . These results are consistent with the previous reports on S. molle essential oils (Hosni et al. 2011; Martins et al. 2014) . The latter oil which was particularly rich in monoterpoene hydrocarbons was found to exhibit low DPPḢ radical scavenging properties. In another study, the DPPḢ radical scavenging activity of the leaf oils from S. terebinthifolius was found to be in the range of 50-75.2% (El-Massry et al. 2009 ) which was much higher than those obtained in the present study. Such discrepancy was likely due to the relative abundance of oxygenated terpenes (cis-b-terpineol and citronellal) in the Egyptian samples.
Antibacterial activity of the essential oils
The in vitro antibacterial activity of the leaf and twig essential oils was determined using the agar disc diffusion assay. As shown in Table 3 , the largest inhibition halos were observed for the gram-positive bacteria (E. feacium and S. agalactiae), while the smallest ones were observed SFA saturated fatty acids; UFA unsaturated fatty acids *Means (n = 3) ± standard deviation for the gram-negative bacteria (E. coli and S. typhimurium).
Leaf oil was found to be more active against all of the bacterial strains than twig oil. Numerous studies investigating the antibacterial activity agree that essential oils are most active against gram-positive than gram-negative bacteria (Pelissari et al. 2009 ). The difference in the susceptibility of bacterial strains to essential oils is attributed to the presence of a very restrictive lipopolysaccharidescontaining outer membrane (which restricts the diffusion of hydrophobic compounds) in gram-negative bacteria (Burt 2004) . From mechanistic standpoint, it has been reported that the active components of the essential oil (namely terpenoids and phenylpropanoids having phenol and alcohol functionalities) might bind to the cell surface and then penetrate to the phospholipids bilayer of the cytoplasmic membrane-bound enzymes, leading subsequently, to the disruption of the synthesis of some vital macrmolecules, such as DNA, RNA, proteins, lipids and polysaccharides causing ultimately the death of the cells (Diao et al. 2013 ).
Other reports suggest that the distortion of cell wall and cytoplasmic membrane would cause the expansion and destabilization of the membrane and increase membrane permeability, resulting in a leakage of various vital intracellular constituents, which led to the cell death (Wu et al. 2009 ). Essential oil concentration (µg/mL) % DPPH inhibition Leaf oil Twig oil Fig. 1 The DPPḢ percentage inhibition by leaf and twig essential oils of S. terebinthifolius Table 3 Antibacterial activity of the leaf and twig essential oils of S. terebinthifolius using agar disc diffusion assay Bacterial strain Inhibition zone (mm)*
Leaves Twigs Ampicilline
Escherichia coli 10.5 ± 0.5 7.83 ± 1 17.5
Salmonella thyphimurium 10 ± 0 8.33 ± 0.5 11.25
Enterococcus feacium 31.83 ± 1.5 25.5 ± 0.5 45
Streptococcus agalactiae 27.5 ± 0.5 7.67 ± 1.5 34 *Diameter of zone of inhibition including disc diameter (mm ± SD)
The antibacterial activity of S. terebinthifloius has been previously reported and conflicting results owing to difference in the chemical composition and the target microorganisms have been outlined. In this direction, a sabinenerich essential oil from S. terebinthifolius leaves was found to be effective against Yersinia enterocolitica, Pseudomonas aeruginosa, Escherichia coli, Acinetobacter calcoaceticus, Bacillus subtilis, Klebsielia pneumoniae and Bacillus subtilis with at least 58% inhibition (Gundidza et al. 2009 ). A moderate antibacterial activity against Staphylococcus aureus, Pseudomonas aeruginosa, and Escherichia coli has been observed for the leaf essential oil of S. terebinthifolius from Egypt, particularly rich in bterpineol and b-caryophyllene (El-Massry et al. 2009 ). One year later, Silva et al. (2010a, b) showed that p-cymen-7-ol-rich essential oil exhibited potent antibacterial activity against 9 Staphylococcus isolates. Later, Montanari et al. (2012) assessed the antibacterial activity of leaf essential from S. terebinthifolius against E. coli, B. cereus and S. aureus and found its strong effect against them. The study author's argued the antibacterial activity to the pro-oxidant effect of the essential oil constituents namely germacrene-D and limonene (Montanari et al. 2012) . In the present study, the observed antibacterial activity against grampositive bacteria can not be ascribed to particular component due to the complexity of the studied oils, but the possible chemical interaction among the components, with consequent synergistic and/or antagonistic effects is suggested.
Collectively, these results indicate that leaf essential oil could be considered as effective natural antibiotic against E. feacium and S. agalactiae, while those issued from twigs might be useful against E. feacium.
Conclusion
Results showed that the leaves and twigs of S. terebinthifolius are characterized by their appreciable lipid content and the abundance of the essential a-linolenic and linoleic fatty acids. Despite their low DPPḢ radical scavenging activity, the essential oils constituted predominantly by monoterpene hydrocarbons have showed good/moderate antibacterial activity against the gram-positive bacteria E. feacium and S. agalactiae. Overall, these results provide new insights in the chemistry of S. terebinthifolius, and could be helpful to find possible nutritional, functional and industrial outlets of this underutilized species.
